Regenerative medicine holds great potential to address many shortcomings in current medical therapies. An emerging avenue of regenerative medicine is the use of self-assembling peptides (SAP) in conjunction with stem cells to improve the repair of damaged tissues. The specific peptide sequence, mechanical properties, and nanotopographical cues vary widely between different SAPs, many of which have been used for the regeneration of similar tissues. To evaluate the potential of SAPs to guide stem cell fate, we extensively reviewed the literature for reports of SAPs and stem cell differentiation. To portray the most accurate summary of these studies, we deliberately discuss both the successes and pitfalls, allowing us to make conclusions that span the breadth of this exciting field. We also expand on these conclusions by relating these findings to the fields of nanotopography, mechanotransduction, and the native composition of the extracellular matrix in specific tissues to identify potential directions for future research.
Introduction
Current medical therapies fail to restore tissue damage due to degenerative conditions, normal aging processes, ischemia and traumatic injuries. Tissue regeneration and organ engineering have shown promise as novel treatment strategies for patients requiring tissue or whole organ replacement.
1,2 Modern approaches to regenerative tissue therapies typically revolve around the use of stem cells. The development of pluripotent stem cells 3 has helped resolve the challenge of acquiring a reliable, implantable stem cell source without the deleterious immune responses triggered by non-autologous cells. In spite of this breakthrough in stem cell technology, a great need still exists to optimize methods for implanting, organizing, differentiating, and integrating stem cells to reliably regenerate or replace damaged tissues. 2 Lessons from stem cell biology have shed light on the numerous variables that affect stem cell differentiation and tissue formation. 2, 3 Among these are nanotopography, molecular extracellular matrix (ECM) composition, and mechanotransduction. 2, 3 A novel group of materials capable of manipulating these criteria are self-assembling peptides.
Self-assembling Peptides (SAPs) are defined as short peptides that self-organize into nanofiber structures ( Figure 1A ). 4 The SAP family includes amino acids covalently modified with a lipophilic group that also self-assemble into nanofiber structures, called peptide amphiphiles (PAs) ( Figure 1B ). Both SAP and PA nanofibers can further assemble into macrostructures that resemble components of native extracellular tissue. 5, 6 Together, these properties enable scaffold architectural design on both a nano and macro scale. For most SAPs, assembly has been engineered to occur at a physiologic pH, allowing solutions of these peptides to be injected into damaged tissues before assembling into hydrogels. 7 These scaffolds are inexpensive to produce, and their components are customizable to the resolution of a single amino acid, including the covalent addition of functional groups with integrin-binding prperties. 8 These characteristics of SAPs are highly desirable for tissue engineering, and there has been a recent increase in the number of studies evaluating their potential to repair and regenerate tissue. This review summarizes these studies, focusing on the ability of SAPs to differentiate stem cells.
Cell-fate altering mechanisms of SAPs
Self-assembling peptides are unique in that they can recapitulate niche cues in three distinct ways: nanotopography guidance, ECM binding, and transduction of mechanical forces ( Figure  1C ). Previous studies evaluating these characteristics with respect to stem cells have shown that altering these variables can either maintain stem cell populations or direct their differentiation.
1-3
Nanotopographical cues have been shown to influence stem cell fate by mediating focal adhesion signaling and cytoskeletal organization. 1, 9 The ECM architecture of niches that maintain stem cells typically differs from the greater ECM architecture of surrounding tissue. [10] [11] [12] One key mechanism by which nanotopography directs stem cell fate involves focal adhesion kinase (FAK). 12, 13 Nanotopography also alters cell fate through three-dimensional cytoskeletal re-organization. 15, 16 Our group has demonstrated this principle using nanogrooved substrates in conjunction with several cell lines, which results in a cellular architecture mimicking target tissues. 17 The influence of nanotopography in guiding stem cell fate and organization aligns with idea that stem cells are influenced by three-dimensional changes in their respective niches.
The ECM composition and architecture for a given tissue changes in response to maturation, usage, and disease. 13, 14 Molecular ECM cues share many aspects of influence with nanotopographical cues. Both the molecular composition of the ECM, and the expression of focal adhesions that bind the ECM, play a role in determining the stem cell response.
1 Specifically, the unique combination of integrin receptors and the presence (or absence) of their corresponding ligand will induce changes in signal transduction, which enforces the maintenance or differentiation of a given stem cell population.
1
Mechanotransduction defines the physical interaction between stem cells and their surrounding niche via the transmission of physical forces. 18 As cells bind and apply forces to their surrounding ECM, the ECM architecture will physically respond based on its mechanical characteristics. For example, stiffer materials will resist manipulation by cell forces to a greater degree than softer materials. The reverse of this principle is also true -the mechanical properties of the ECM determine the degree to which external forces are transferred on to a cell. The ability of cells to manipulate their environment via transduction of forces, and vice versa, has been shown to alter stem cell fate. 19 While each of these three components can individually influence stem cell fate, physical interactions in-vivo between stem cells and their niche employ all three cooperatively. With respect to SAPs, mediating these interactions is dependent on peptide sequence. The ultrastructure of SAPs after assembly provides nanotopographical cues that can recapitulate aspects of ECM architecture. The specific peptide sequence can mimic native ECM ligands and interact with stem cells via physical binding. Finally, the mechanical properties of the SAPs determine the degree to which forces are directed onto and away from stem cells. In summary, by changing the peptide sequence, it is possible to alter the nanostructure, potential cell binding sites, and mechanotransduction of the resulting SAP, and therefore establish control over stem cell fate.
Influence of SAPs on stem cell fate in different tissues

Neural Tissue
In adult neural tissues, the ECM plays an important nanotopographical role. The neural ECM (nECM) is rich with chondroitin sulfate proteoglycans (CSPGs) and hyaluronan, with low amounts of fibronectin, collagen, and laminin. 17 Sulfated proteoglycans in the CNS myelin have been found to be inhibitory for axonal outgrowth, including Nogo-A, myelin associated glycoprotein, and oligodendrocyte myelin glycoprotein. 16 Despite their relative scarcity, collagens and laminins are fundamental to neural cell fate decisions. 20 Mechanically, neural tissue is very soft relative to other tissues, with an elastic modulus around 500 Pa. 21 Structurally, aggrecan and hyaluronan are observed to form focal lattice-like perineural networks (PNN), which influence structural plasticity. 15 Therefore, the survival, differentiation, and proliferation of neural cells can be modulated by the nanotopography, ECM composition, and mechanotransduction properties of the nECM, and some of these factors have been recapitulated by SAPs.
SAP structures contain pores of 5-200 nm in width. 18 This pore size resembles the structures found in native nECM, allow diffusion of growth factors, and provide an excellent substrate for customizable lineage-specific neural stem cell (NSC) migration, differentiation, and proliferation. 18 Comparative studies have shown that SAP nanofiber hydrogels facilitate a more realistic and replicable culture system than traditional approaches relying on heterogeneous animal-derived materials such as matrigel and collagen I. 19 There are three key SAP's and PAs that have seen utility in neural tissue regeneration; LDLK12, IKVAV-PA, and RADA. 22, 23 Notable progress has been made in achieving neuronal differentiation in vitro. Two key variables that have emerged for attaining SAP-mediated neuronal differentiation are mechanotransduction and bioactivity. Broadly speaking, stiff substrates like glass tend to bias NSC differentiation towards astrocytes, while softer substrates favor neuronal differentiation ( Figure 2A Figure 2B ). 28 The key variable in differentiation efficacy was found to be density of biomotif exposure. 28 Figure 2C ). 33 Ni et al. applied RADA16 scaffolds with murine embryonic stem cells (ESCs) to an in vitro Parkinson's disease model, which resulted in enhancement of dopaminergic neuronal differentiation. 34 An emerging theme from these studies is that SAPs demonstrate potential to treat conditions of endogenous, pathological SAPs. Consistent with this idea, Hnasko et al. showed that RADA inoculation could disrupt prion accumulation and extend survival in a hamster model of scrapie. 35 SAPs have also been used for treating spinal cord injury (SCI) and traumatic brain injury. Tysseling-Mattiace demonstrated in an acute compression model of SCI that injection of IKVAV-PA, but not IKVAV alone, reduced astrogliosis and promoted the growth of atypical motor and sensory neurons along with functional improvement ( Figure 2D ). 36 Cigognini et al.
showed that injection of RADA16 functionalized with BMPH1 and glycine repeats facilitated statistically significant functional improvement and increased axonal regeneration within the cyst of acute contusive rat SCI. 37 Gelain et al. used a similar acute contusive model to show that injecting a LDLK12 SAP functionalized with Ac-FAQ achieved better locomotor recovery than LDLK12 or saline injection. 38 In subacute SCI injury, Wasaki et al. discovered that K2(QL)6K2
(QL6) injection with NSC injection promoted functional improvement, higher NSC survival, and a statistically significant reduction in cystic cavity size. 39 In brain injury, Cheng et al. showed that injecting RADA16-IKVAV with encapsulated NSCs led to improved cerebral neocortex/neopallidum regeneration in a model of TBI/tumor removal, with higher ratio of neurons and reduced formation of glial astrocytes. 29 Finally, Ellis-Behnke et al. demonstrated that RADA16 injection alone could restore visual function in hamsters with a severed ophthalmic tract. 40 
Skeletal Tissue: Bone and Cartilage
The extracellular nanoarchitecture of skeletal tissues is highly organized and constantly remodeled by native cell populations to withstand changes in mechanical forces. For instance, in bone tissue the binding between collagen type I and individual hydroxyapatite crystals occurs in a periodic manner every 2 nm, 41 and is responsible for giving bone its unique physical properties.
This periodicity is carried into the ultrastructure of bone, yielding a 68 nm periodicity between collagen type I fibrils and hydroxyapatite deposits. 42 As a result, bone achieves a Young's modulus that surpasses 20 GPa. 43 In contrast, the ECM of cartilage is defined by three distinct zones of collagen type II organization. 44, 45 While the ultrastructural organization of collagen is unique to each zone, all contain collagen bundled into parallel sheets with periodic banding patterns that occur approximately every 100 nm. 44 This combination of nanoscale collagen organization within a stratified ultrastructural organization leads to a gradient in Young's modulus across each zone ranging from 300 kPa up to 20 MPa. 45 Nanofibrous scaffolds such as SAPs have the potential to recapitulate the periodic nature, and defined collagen architecture, of both bone and cartilage extracellular matrix. Applications of self-assembling peptides to skeletal tissue engineering have primarily revolved around the use of RADA and KLDL SAPs, and subsequent functionalized derivatives of RADA and KLDL.
A common component used in bone tissue engineering is hydroxyapatite. Garreta et al. performed one of the first studies with a hydroxyapatite-functionalized SAP, culturing human ESCs with or without osteogenic media on either RADA16/hydroxyapatite nanoparticles, RADA16, or hydroxyapatite alone. 46 All ESCs cultured in an osteogenic media resulted in a greater degree of calcification than cultures without, and the combination of RADA16 and hydroxyapatite caused a greater degree of calcification than hydroxyapatite alone. 46 Other factors have also been utilized in combination with SAPs to improve osteogenic differentiation, including heat shock, 49 neuropeptide substance P, 50 and PRP. 51 Human MSCs cultured in RADA16 hydrogels and exposed to 41 ℃ heat shock for 1 hour every three days demonstrated a greater degree of calcium mineralization and osteogenic gene expression than RADA16 cultures without heat shock ( Figure 3C ). 49 The combination of neuropeptide substance P with KLD12 SAPs was shown to increase the rate of MSC migration when injected in vivo, resulting in a greater reduction of bone defect size in a rat model. 50 An ultrastructural analysis revealed the formation of lacunae-like structures habited by migrating cells within the KLD12-substance P mixture, demonstrating the ability of KLD12 SAPs to recapitulate the nanoarchitecture of bone ECM. 50 Yoshimi et al. injected MSCs and a combination of PRP and RADA16 into dog mandible bone defects, showing that combination of MSCs, PRP, and RADA16 reduced the defect to a greater degree than other groups. 51 However, no significant decrease in defect size was noted for PRP and RADA16 injections without MSCs. 51 One of the more promising applications of SAPs for bone tissue engineering is reconstituting large bone defects. In a two-study series, Hou et al. 52 and Li et al. 53 demonstrated the ability to apply a combination of RADA16 with demineralized bone matrix to differentiate MSCs for repairing small bone defects in a rat model, 52 and then closing a large bone defect in a goat model. 53 In the large defect model, bone marrow was used for the cell source instead of MSCs, and the combination of RADA16 with demineralized bone matrix and bone marrow was superior to demineralized bone and marrow without RADA16 for reduction of the bone defect. 53 With respect to cartilage tissue engineering, Florine et al. showed the effect of SAPs on cartilage matrix production may be unique to stem cells ( Figure 3B ). 54 In this study, both bovine MSCs and bovine chondrocytes were cultured in either agarose gels or RADA4 SAP hydrogel. 54 In response to a chondrogenic media, bovine MSCs produced significantly higher amounts of glycosaminoglycans (GAGs) and collagen in the RADA4 SAP gel versus the agarose gel, while chondrocytes exhibited the opposite relationship. 54 Erickson et al. performed a similar study that confirmed enhanced differentiation of MSCs in RADA hydrogels in comparison to alginate gels. 55 Like bone tissue engineering, SAPs have been functionalized to enhance chondrogenic differentiation of stem cells. RADA16 functionalized with heparin was shown to improve chondrogenic differentiation at a ratio 190 parts RADA to one part heparin. 56 At a higher mixing ratio (95:1, RADA:heparin) the mechanical properties of the resulting tissue were statistically indistinguishable from native chicken and calf cartilage, while lower ratios had significantly softer mechanical properties. 56 TGF-beta is known to increase cartilage matrix production, and has also been used for this purpose in combination with SAPs. The addition of TGF-beta1 to a culture of bone marrow stromal cells in a KLDL3 SAP hydrogel resulted in a TGF-beta1 dosedependent increase of GAG accumulation. 57 Shah et al. combined a novel PA modified with a TGF-beta binding group to create a culture system that would release TGF-beta over time. 58 The combination of PAs with the TGF-beta binding group and TGF-beta1 resulted in significantly higher expression of aggrecan compared to normal PAs and TGF-beta alone. 58 In spite of promising in vitro results, the addition of growth factors does not appear to provide any additional chondrogenic benefit over SAPs or PAs alone in vivo. In the same study by Shah et al., PAs with the TGF-beta binding group had a significantly higher O'Driscoll score than PAs alone when injected in a rabbit cartilage defect, but the addition of TGF-beta1 to either group did not change the score. 58 A study by Miller et al. found similar results using a rabbit cartilage defect model to evaluate KLDL3 in combination with chondrogenic growth factors and bone marrow stroma cells. 59 Radiographic analysis showed significant improvement in all treatment groups compared to a sham control, but histologic scoring and analysis of newly formed tissue was only significantly improved over untreated animals in the KLDL group, 59 suggesting the SAPs had greater therapeutic potential when administered alone than in conjunction with stem cells or growth factors.
Tatman et al. found inflammation to play a role in SAP based therapies for cartilage defects ( Figure 3A ). 60 They injected either MSCs alone, KLD12 SAPs alone, or MSCs and KLD12
SAPs into rat cartilage defects. In comparison to MSCs alone, KLD12 and the combination of KLD12 with MSCs had lower levels of interleukins in the synovial fluid, suggesting SAPs may attenuate the immune response. The use of KLD12 also resulted in lower tissue mineral density, which indicates KLD12 may preferentially drive MSCs towards a chondrogenic lineage in vivo. Furthermore, they also found KLD12 SAPs significantly lowered a modified Mankin score, with or without MSCs, supporting their use to stymie the progression of osteoarthritis.
One potential pitfall of SAPs specific to bone and cartilage tissue engineering is a lack of mechanical integrity. Without chemical modification, the compression modulus of most SAPs is measured in units of kPA 77 , which is one order of magnitude -lower than native cartilage and two orders of magnitude -lower than native bone. The lack of resistance to compression may restrict the use of SAPs to non-weight bearing applications. However, the significance of this deficit remains unclear as SAPs have successfully closed large bone defects in weight bearing appendages of goats. 53 As osteochondral applications of SAPs are pursued in the future, an emphasis should be placed on mechanical integrity, in addition to tissue formation, to help define the potential clinical role of SAP derived therapies.
Cardiac Tissue
The cardiac extracellular matrix is a continuous macromolecular network extending from the pericardium to the endocardium. 61 Collagen and GAGs comprise the majority of the cardiac ECM, which is organized into distinct zones. Collagen types I and III are most common in the pericardium, Collagen IV in the basement membrane, collagen type VI in the myocardium and pericellular area and fibronectin in smaller septal and pericapillary regions. 62 The composition and ultrastructural organization of cardiac tissue directly translates to tissue function. We have previously shown that anisotropic force contraction can be significantly increased by aligning cardiomyocytes using nanotopographical cues. 9 SAPs can also mimic cardiac ECM binding sites.
RADA based SAPs closely mimic the RGD binding motif found on both alpha -1 beta-1 and alpha-5 beta-1 integrins, which are common cardiac integrins known to bind collagen VI and IV. 63 Considering the importance of both nanoarchitecture and ECM composition to cardiac function, SAPs have the potential to improve stem cell differentiation into cardiac lineages by mimicking components of the native tissue ( Figure 4A ).
RADA peptides have been the primary focus of SAP research for cardiac regeneration. Cui et al. cultured MSCs expressing cardiac transcription markers Nkx2.5 and c-kit in RADA hydrogels, and found significantly increased cell survival compared to MSCs cultured on tissue culture plastic ( Figure 4B ). 64 Additional immunofluorescence staining showed a higher level of cardiac specific marker cTnT, and a more organized sarcomere structure in comparison to the control. 64 Functionalized SAPs have also been used in vitro to further control stem cell fate. Boopathy et al. combined RADA SAPs with Jagged1 (a ligand of Notch-1) and cultured cardiac progenitor cells. 65 A significant increase in the cardiac specific transcription factors Nkx2.5, Hey1, MEF2C
and GATA4 expression was observed in the RADA-Jagged1 culture over RADA alone and RADA with scrambled Jagged1. 65 Guo et al. evaluated the combination of an RGDSP cell adhesion motif with a RADA SAP, and found an increases of cell survival over RADA alone. 66 The first in vivo application of SAPs in cardiac tissue was performed by Davis et al. 67 In this study a RADA hydrogel without cells was injected into the left ventricle of a healthy mouse. 67 28 days after the injection, capillary-like structures were observed in the SAP environment, suggesting RADA SAPs may enhance vascularization in the heart ( Figure 4D ). 67 Figure 4C ). 69 However, no differences were noted between RADA alone and the treatment control. 69 Functionally-modified RADA SAPs have also been used in vivo. Dubois et al. combined RADA16-I and II with Insulin-like growth factor 1 (IGF1). 70 In spite of promising results in vitro, transplanting skeletal myoblasts into a rat cardiac MI model with IGF1 functionalized RADA SAPs did not significantly change the ejection fraction. 70 Guo et al. functionalized a RADA16-1 SAP with a hairpin binding domain (sequence LRKKLGKA) to allow for the slow release of vascular endothelial growth factor (VEGF). 71 The combination of VEGF with RADA modified SAPs resulted in a significant increase in cardiac ejection fraction and fractional shortening, while the myocardial scar size and fibrosis were significantly reduced. 71 Boopathy et al. applied their Jagged1-RADA combination to a coronary artery ligation model, showing that Jagged1 functionalized RADA16 was able to completely rescue the ejection fraction and significantly decrease cardiac fibrosis when injected during reperfusion. 65 Recently, Yoon and his colleagues utilized RGD modified PAs as a means to improve the survival of implanted mouse embryonic stem cells, and to enhance ejection fraction after a MI. 78 Given their ability to promote vascularization and improve cardiac function after injury in conjunction with stem cells, SAPs provide a novel approach to further cardiac regenerative therapies.
Pitfalls of stem cell differentiation by SAPs
The use of SAPs and PAs for the differentiation of stem cells has yielded some very promising applications that have potential clinical implications. However, the use of SAPs for stem cell differentiation is not without limitations. One of the more obvious limitations brought to light in this review is the inability of SAPs to differentiate stem cells alone. With very few exceptions, the studies reviewed required the use of differentiation media or additional functionalization to achieve successful differentiation. In accordance with this finding, many studies have shown SAPs to actually maintain stem-ness for prolonged periods in culture using RGD and IKVAV peptides or similar derivatives. 71 These findings are in contrast to much of the in vivo data.
In vivo, the studies reviewed support the ability of SAPs to aid in stem cell differentiation, induce tissue vascularization, stimulate the migration of native stem cell populations, and significantly improve tissue function for many organ-systems. SAPs also augment the immune response at sites of injury. These findings appear to contradict the effect of SAPs in vitro, but the presence of native cytokines and interaction with native ECM following in vivo SAP and stem cell injection could explain these differences. Many of these factors alter the stem cell niche and cause the observed changes in stem cell behavior, much like functionalizing SAPs in vitro. However, these in vivo studies do have limitations.
The in vivo injection of SAPs with cells or cytokines often did not exceed the benefit of injecting SAPs alone. Several factors may play a role in this observation, including stem cell choice/source, cytokine concentration, and functional group used. Allogenic stem cell sources are known to elicit an immune response, which may play a role in hindering the efficacy of in vivo SAP and stem cell injection. The cytokine profiles of an in vivo environment are known to be more complex than the single cytokine additions typically accompanying SAP injections, which could render these additions insignificant. Finally, the choice of functional group has a major role in recapitulating components of native ECM. RADA and KLD SAPs have sequences that resemble integrin binding motifs, but they do not stimulate integrin signaling in a tissuespecific manner, and are known to actually maintain a stem cell-like state. 72 The lack of integrin specific signaling is a potential pitfall of the current SAPs, but the inclusion of such ligands has tremendous potential. To demonstrate this point, we have reanalyzed microarray data from GSE1133 and isolated the various integrins expressed across many tissues ( Figure 5A ). 73 By comparing the tissue-specific integrin expression profiles, a picture of tissuespecific integrin signaling becomes clear. This reveals a potential avenue for future SAP research: by more deliberately selecting functional groups that resemble the ECM of a specific tissue, it may be possible to improve the interaction between SAPs and stem cells.
Several studies in this review took advantage of tissue-specific functional groups to improve SAP mediated stem cell differentiation. Gelain et al. used phage-display to capture novel peptides on the surface of murine NPCs derived from NSCs. They were then able to functionalize RADA-FAQ scaffolds with these peptides, screen them for efficacy, and ultimately increase stem cell differentiation and survival in-vitro, while also promoting nervous tissue regrowth and functional recovery in-vivo using a rat contusive SCI model. 38 With respect to skeletal tissue, the use of demineralized bone matrix in combination with SAPs had a similar effect on the reduction of large bone defects, 53 which further advocates for the efficacy of SAP functionalization in a tissue-specific manor. These studies demonstrate the potential SAPs could have if further engineered to mimic tissue-specific ECM components, thus accentuating the need for additional development.
Advances in SAP synthesis to improve control over stem cell fate
The advantages of SAP functionalization have been described in this review as a means to control growth factor release, cell survival, cell fate, and reducing the immune response to implanted constructs. While further efforts utilizing these approaches are vital to the progression of SAP research, the addition of functional groups may disrupt the assembly of SAPs or the final SAP ultrastructure; two qualities that make SAPs desirable for tissue engineering. Another approach would be to incorporate tissue-specific ECM motifs into the SAP sequences themselves. This approach has seen some use in neuro engineering studies, where the addition of glycine repeats into a SAP sequence improved exposure of incorporated integrin receptor binding sites ( Figure 5B ). 74 Further development of similar approaches could allow SAPs to assemble and self-organize into a final ultrastructure without interference from functional groups, while also providing additional tissue-specific ECM signaling.
Along this line of development, some groups have begun to catalog different permutations of self-assembling peptide sequences. Lesley et al. discovered a synthetic peptide sequence that self-assembled into a collagen-like triple helix, and then further organized into structures that resemble various native tissue ECMs. 75 Building on this work, Jorge et al. computationally defined the relationships necessary to determine self-assembling collagen heterotrimers in silico ( Figure 5C ), 76 making it possible to develop predictive models to screen peptides for the potential to self-assemble. Going one step further, Pim et al. devised a computational method to analyze the propensity of collagen-like peptides to self-assemble, 8 which produced a library of nearly 8,000 potential peptides. Over 100 of these peptides were strongly predicted to selfassemble into a collagen-like triple helix, providing future SAP researchers with a vast array of novel self-assembling peptides to help achieve tissue specificity.
Novel functionalization and synthesis of SAPs is but one of many potential future directions for research. Conjugation of SAPs to metallic surfaces and metallic particles has yielded many intriguing results which warrant further investigation such as the ability to disrupt biofilm formation and other antimicrobial properties. 79, 80 With respect to altering the fate of native eukaryotic cell populations, SAP coated titanium implants have demonstrated a greater degree of biocompatibility over traditional titanium implants denoted by increased implant mineralization and vascularization. 81, 82 The addition of SAPs to metallic implants also provides a means to deliver growth factors and other bioactive substrates. 81, 82 Further research into the use of SAPs as a means to improve existing medical interventions could enhance the integration of synthetic heart valves, dental implants, and other surgically implanted materials by controlling cell fate.
Conclusion
SAPs represent a novel and promising tool with emerging efficacy for stem cell differentiation. One of the most intriguing aspects of SAPs is their ability to attenuate the pathology of many diseases that plague national health, such as alzheimer's, parkinson's, heart failure, and arthritis. Further optimization of these scaffolds to more closely mimic target tissues could lead to the development of novel treatments, and relive the current burden of these diseases. Due to the highly tunable nature of SAPs, researchers will have the ability to control nanotopography, ligand binding interactions, and mechanotransduction in a single scaffold. Through elucidation of the native stem cell niche nanoarchitecture, ECM, and principles of mechanotransduction, SAPs could be designed to recapitulate these elements to advance tissue regeneration and organ engineering applications. shows a repression of IL-2 secretion with the use of SAPs. 60 Reprinted with permission from ref.
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